Abstract. Cloud computing has become an important factor for businesses, developers, workers, because it provides tools and Web applications that allows storing information on external servers. Also, Cloud computing offers advantages such as: cost reduction, information access from anywhere, to mention but a few. Nowadays, there are several Cloud computing providers such as: Google Apps, Zoho, AppEngine, Amazon E2C, among others. These providers offer Software, Infrastructure or Platform as a Service. Taking this into account, this paper presents a general review of Cloud computing providers in order to allow users, enterprises, and developers select the one that meets their needs.
INTRODUCTION
Cloud computing is a new style of computing in which dynamically scalable and often virtualized resources are provided as a services over the Internet [1] . According to who owns and manages the Cloud services, these can be classified in: Public, Private and Hybrid Clouds. Public Cloud offers services to general public, unlike Private Cloud that are used by a single organization. Also, there are Hybrid Clouds which offer a combination of private and public Clouds. Furthermore, there are three Cloud services models: 1) SaaS (Software as a Service), 2) PaaS (Platform as a Service) and 3) IaaS (Infrastructure as a Service). IaaS offers an infrastructure of resources (storage, databases, among others), usually in terms of Virtual machine as a service. PaaS offers an environment oriented to the development, testing, deployment and hosting of applications. SaaS offers a set of applications installed and running over Internet. This paper presents a review of PaaS, SaaS and IaaS providers, with the aim of helping users to select the provider that best suits their needs and budget.
This work is structured as follows. In section 2 related works of Cloud computing are discussed. Section 3 presents the architecture and features of Cloud computing. Section 4 presents the public, private and hybrid Cloud services. In section 5 a comparison of IaaS, SaaS and PaaS providers is presented. Finally, we present our conclusions and emphasize our contribution.
RELATED WORK
In [2] discuss both features and benefits of Cloud computing, and the Infrastructure as a Service (IaaS). Also, they provide a means of understanding and investigating IaaS. They outline the responsibilities of IaaS providers and the facilities to IaaS consumers. In [3] present the design of a trusted Cloud computing platform (TCCP) that enables IaaS services such as Amazon EC2 to provide a closed box execution environment.
TCCP guarantees confidential execution of guest Virtual Machines, and allows users attesting the IaaS provider and determining if the service is secure before they launch their Virtual Machines In [4] describe a PaaS architecture for provisioning of real-time service-oriented application in Clouds. Also, they show how the combination of methods, tools and services can be used to improve the usability, maintainability and efficiency of services targeting Clouds with strict QoS constraints. In [5] propose a taxonomy which identifies and classifies eight important elements that characterize Cloud computing infrastructures: 1) service type, 2) resource deployment, 3) hardware, 4) runtime tuning, 5) security, 6) business model, 7) middleware, and 8) performance. The taxonomy is based on a survey conducted on an important set of seven IaaS providers, six Web hosting companies, and two mixed PaaS and Web hosting providers. In [6] present a Cloud services comparison based on aspects such as architecture, features, and application. In [7] present a survey of Cloud computing, highlighting its key concepts, architectural principles, state-of-theart, implementation as well as research challenges. Also, they provide a better understanding of the design challenges of Cloud computing and they identify important research directions in this area. In [8] examine the available Cloud computing services and propose a tree-structured taxonomy which offers a common terminology and baseline information for easy communication. In [9] analyze public quality information of Cloud services in terms of service types, also they show that IaaS quality information is more detailed and balanced than those of PaaS and SaaS. In [10] present a detailed comparison of Cloud services according to the Cloud types, interfaces, compatibility, implementation, deployment requirement and development support.
CLOUD COMPUTING
According to NIST(National Institute of standards and Technology) Cloud computing is defined as a model for enabling convenient, on-demand network access to a shared pool of configurable computing resources (e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned and released with minimal management effort or service provider interaction [11] . The aforementioned definition has been adopted by a great number of authors. Next, a Cloud computing general architecture is presented.
Cloud Computing Architecture
A Cloud computing architecture consists of four layers: Hardware, Infrastructure, Platforms and Application. This general architecture is shown in Fig. 1 . o. 7 | enero-junio 2012
The layers of this Cloud computing architecture are described below.
Fig. 1 Cloud computing architecture
Hardware layer: It manages the physical resources of the Cloud, including physical servers, routers, switches, power and cooling systems.
Infrastructure or Virtualization layer:
It creates a pool of storing and computing resources by partitioning the physical resources using virtualization technologies such as VMware [12] , Xen [13] , and KVM [14] .
Platform layer: It is composed of operating systems and application frameworks. Its aim is to minimize the burden of deploying applications directly in VM containers.
Application layer: It consists of the actual Cloud applications. In contrast to traditional applications, Cloud applications can leverage the automaticscaling feature to achieve better performance, availability and lower operating cost [7] .
Next, the main features of Cloud computing are described.
Cloud computing features
On-demand self-service: A consumer can be unilaterally provided of computing capabilities information such as server time and network storage, without requiring human interaction with each service provider.
Broad network access:
Capabilities are available over the network and can be accessed through standard mechanisms by heterogeneous thin or thick client platforms such as mobile phones, tablets, laptops, and workstations.
Resource pooling: The provider's computing resources are pooled in order to serve multiple consumers using a multi-tenant model, with different physical and virtual resources dynamically assigned and reassigned according to the consumer demand. There is a sense of location independence in that the customer has not control or knowledge over the exact location of the provided resources but he may be able to specify location at a higher level of abstraction (e.g., country, state, or datacenter). Examples of resources are storage, processing, memory, and network bandwidth.
Rapid elasticity: Capabilities can be elastically provisioned and released, in some cases, to scale rapidly outward and inward commensurate with demand. To the consumer, the capabilities available for provisioning often appear to be unlimited and can be appropriated in any quantity at any time.
Measured service: Cloud systems automatically control and optimize resource use by leveraging a metering capability at some level of abstraction appropriate to the type of service (e.g., storage, processing, bandwidth, and active user accounts). Resource usage can be monitored, controlled, and reported, providing transparency for both the provider and consumer of the utilized service [11] .
CLOUD TYPES
There are three kinds of Cloud computing services, which vary according to who owns and manages them. Next, these are described.
Private Clouds or internal Clouds: It exclusively offers Cloud services for business or organizations that prefer to keep their data in a more controlled and secure environment. Public Clouds or external Clouds: It is the most popular type of Cloud computing that offers services that are available to the general public.
Hybrid Clouds: A hybrid Cloud is composed of several public Clouds, private Clouds and/or community Clouds. It offers more flexibility than both public and private Clouds [15] . In Hybrid clouds, part of the service infrastructure runs in private Clouds while the remaining part runs in public Clouds.
CLOUD SERVICES
Cloud computing services are classified in three service models: Software as a Service (SaaS), Platform as a Service (PaaS) and Infrastructure as a service (IaaS). Nowadays, there are many Cloud Computing providers of each one of the aforementioned models. Some of them are presented below.
SaaS
SaaS offers already created applications running on a Cloud infrastructure such as: Web-based email, alternatives of typical office applications as word processors, to mention but a few. This model eliminates the need to install and run the application on the customer's local computers therefore applications can be accessed through networks from various clients such as Web browsers, and mobile phones [16] , [17] .
Examples of SaaS providers are: Zoho [18] , AtTask Inc. [19] , NetSuite [20] , Bloomfire Inc. [21] , Smartsheet [22] , SalesForce [23] , and Google Apps [24] , among others. Next, the aforementioned SaaS providers are described.
Zoho:
It was founded by Sridhar Vembu in 1996. It offers a comprehensive suite of award-winning on-line business, productivity and collaboration applications. Customers use Zoho Applications to run their business processes, manage their information and be more productive while at the office or on the go, without having to worry about expensive or outdated hardware or software [18] . It helps organizations empower their knowledge workers by leveraging the combined power of social collaboration, empowerment, accountability, visibility, and recognition, making it possible for people to take ownership of their work and perform at a higher level, creating an environment that fosters productivity, motivation, and results [19] .
NetSuite: It was founded by Evan Goldberg in 1999. NetSuite was one of the earliest SaaS offerings on the market, and its main purpose is to provide integrated business management software to midsize organizations. NetSuite provides a set of features such as customer relationship management (CRM), order fulfillment, inventory, accounting and finance, product assembly, Ecommerce, website management, and employee productivity [25] . Bloomfire Inc.: It was founded in 2010. It incorporates the best features of content management, file sharing, social business, and learning management software to create a collaboration tool perfect for the modern workforce. It allows capturing, displaying, saving, and sharing information, connecting people who have knowledge with those who need it, in order to improving team productivity [21] .
Smartsheet: It was founded in 2005 by former executives of CRM company Onyx Software [26] . This is privately held Software as a Service (SaaS) known for its award winning online project management, collaboration, and file sharing features. It is broadly used to track and manage diverse types of work including: team projects and task lists, customer information, sales pipelines, event schedules, and business processes.
SalesForce: It was founded in 1999, and offers a suite of online programs for customer relationship management(CRM) and other business-oriented tasks [27] .
Google Apps: It provides several Web applications with similar functionality to traditional office software (word processing, spreadsheets, among others), but also enables users to communicate, create and collaborate in an easy and efficient way. All applications are kept online and they are accessed through a Web browser, users can access their accounts from any internet-connected computer, and there is no need to install anything extra locally [1] .
In Table 1 The use of the aforementioned providers depends of the user requirements On the other hand, there are providers such as Zoho and Google Apps that are some of the most used today and they offer a free plan with a variety of available software.
PaaS
PaaS provides a development environment as a service where applications are developed using a set of programming languages and tools. These services may include development, integration, testing or resources storage to complete the life-cycle of services [28] , [29] .Examples of PaaS providers are: AppEngine [30] , Aneka [31] , Force [32], Microsoft Azure [33] , Heroku [34] , Amazon Elastic MapReduce [35] , CloudFoundry [36] , among others. Next, the aforementioned PaaS providers are described.
AppEngine: It is a PaaS offering, which provides Python and Java support. AppEngine allows building scalable Web applications without the need for complex underlying hardware and software layers. Google abstracts those layers and lets fully concentrate on the application [37] .
Aneka: It is a .NET-based application development
Platform-as-a-Service (PaaS), which offers a runtime environment and a set of APIs that enable developers to build customized applications by using multiple programming models such as Task Programming, Thread Programming and MapReduce Programming. Also, Aneka provides a number of services that allow users controlling, auto-scaling, reserving, monitoring and billing the resources used by their applications. One of key characteristics of Aneka PaaS is to support provisioning of resources on public Clouds such as Windows Azure, Amazon EC2, and GoGrid [38] .
Force: It is an enterprise Cloud computing platform offered by Salesforce. It allows service venders developing and delivering stable, secure and scalable applications. Two key technologies of Force.com are multi-tenancy and metadata. The idea of the Force. com Cloud solution is that it should take care of all common underlying requirements so that users need only focus on the design of their applications [1] .
Microsoft Azure: The Azure Service platform is Microsoft's PaaS offering. Azure is based on the .Net language. It has a dedicated API to store and retrieve data called SQL Services. The underlying system for these SQL Services is Microsoft SQL Server. Although not all functionalities of Microsoft SQL Server are exposed via the API, the user can run transactions and use a restricted SQL query language [39] . Heroku: It is a very powerful Web-based platform which provides support for Ruby, JavaScript and Java Web applications. It directly deploys within a PaaS environment allowing quick migration from the development to deployment stage. It also contains a real time collaborative editor for use with up to five people [40] .
Amazon Elastic MapReduce:
It is an Amazon Web Service (AWS) that uses Hadoop to provide a MapReduce functionality. In the background itself relies mostly on two other AWS services: Elastic Compute Cloud (EC2) and Simple Storage Service (S3) [41] .
CloudFoundry:
CloudFoundry is an open-source platform-as-a-service environment offered by VMware that provides the environment to host multiple languages and frameworks in an open stack of software applications that can run on both outside and inside the firewall. The main features of CloudFoundry are: Choice of developer frameworks, Choice of application infrastructure services, and Choice of Clouds [42] .
In Table 2 a comparison of the aforementioned providers is shown.
AppEngine is one of the most used platforms today because it offers support for a great variety of languages and frameworks for Web applications. However, if a user requires .Net language support would have to choose Aneka or Microsoft Azure. On the other hand, there are providers e.g. CloudFoundry that is still in its beta version, but promises to be a great provider, which is integrating a great variety of languages and frameworks.
IaaS
IaaS allows managing a large set of computing resources, such as storing and processing capacity and running applications inside virtual machines (VMs) [43] .
Examples of IaaS providers are: Amazon E2C [44] , Flexiscale [45] , GoGrid [46] , Joyent [47] , Rackspace [48] , Arsys [49].
Amazon E2C: It opens Amazon's large computing infrastructure to its users. The service is elastic in the sense that it enables the user to extend or shrink its infrastructure by launching or terminating new virtual machines (instances) [50] . Rackspace: It provides compute instances similar to Amazon EC2 and VM role of Azure, which are referred as "Cloud Servers". Rackspace also provides a managed service level for Cloud Servers. As part of the managed service, Rackspace is responsible for applying software and security patches for operating system and middleware [53] . In Table 3 a comparison of the aforementioned providers is presented. 
CONCLUSIONS AND FUTURE WORK
Cloud computing has had a great impact in recent years. This new style of computing offers services via internet allowing users to access to programs and development platforms through different devices such as: laptops, smartphones to mention but a few. Cloud computing provides different services at different levels, Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service(SaaS). In recent years, a variety of IaaS, PaaS and SaaS providers have emerged, these providers aim to offer their services to small and large businesses, developers and others potential users. The analysis presented in this paper shows the current more popular SaaS, PaaS and IaaS providers. Also, a comparison with the main features of providers was presented. This comparison showed that some providers offer free plan available, however the use of these lack of features and provide limited, others offer full use of their services but a fee is required . This analysis helps users to select one cloud computing provider according to their needs and budget.
